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ABSTRACT
We present highlights and an overview of 20 FUSE and HST/STIS observations of the bright
symbiotic binary EG And. The main motivation behind this work is to obtain spatially-resolved
information on an evolved giant star in order to understand the mass-loss processes at work in these
objects. The system consists of a low-luminosity white dwarf and a mass-losing, non-dusty M2 giant.
The ultraviolet observations follow the white dwarf continuum through periodic gradual occultations
by the wind and chromosphere of the giant, providing a unique diagnosis of the circumstellar gas in
absorption. Unocculted spectra display high ionization features, such as the O VI resonance doublet
which is present as a variable (hourly time-scales), broad wind profile, which diagnose the hot gas
close to the dwarf component. Spectra observed at stages of partial occultation display a host of
low-ionization, narrow, absorption lines, with transitions observed from lower energy levels up to ∼5
eV above ground. This absorption is due to chromospheric/wind material, with most lines due to
transitions of Si II, P II, N I, Fe II and Ni II, as well as heavily damped H I Lyman series features.
No molecular features are observed in the wind acceleration region despite the sensitivity of FUSE to
H2. From analysis of the ultraviolet dataset, as well as optical data, we find that the dwarf radiation
does not dominate the wind acceleration region of the giant, and that observed thermal and dynamic
wind properties are most likely representative of isolated red giants.
Subject headings: (stars:) binaries: symbiotic— ultraviolet: stars—stars: mass loss—stars: individual
(EG And)—stars: chromospheres—line: identification
1. INTRODUCTION
For the majority of red giant stars the basic mass-loss
processes at work are unknown. Indeed, for stars of spec-
tral types between K0 III and M5-M6 III, much remains
unknown about the regions above the visible photosphere
and the transportation of processed material to the inter-
stellar medium (ISM). For those stars approaching the
tip of the asymptotic giant branch (AGB) the stellar
winds are thought to be driven by a combination of stel-
lar pulsations which levitate matter out to regions con-
ducive to dust formation (i.e. temperatures below ∼103
K) and subsequent radiation pressure on dust. This com-
bination of pulsations and radiative pressure can account
for the large mass loss rates observed in heavily evolved
giants. However, those stars on the first ascent of the
red giant branch do not possess significant dusty circum-
stellar shells and their pulsations are also orders of mag-
nitude weaker. The observations of massive winds from
these objects therefore poses a major problem. There has
been relatively little progress in our understanding of the
physical processes at work in the regions above the photo-
spheres of these giants and current theories are in need of
more observational constraints. We have obtained a se-
ries of ultraviolet observations of a high-inclination sym-
biotic star with a view towards determining the thermal
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and dynamic conditions from the chromosphere through
the wind acceleration region of an M2 giant. The pri-
mary aim of these observations is to utilize the diagnostic
power of the ultraviolet spectral region to examine the
circumstellar conditions along a number of lines of sight,
providing constraints on the possible processes at work
in these regions.
1.1. Symbiotic Stars
Originally identified and classified by their distinctive
composite optical spectra, symbiotic stars display optical
spectral features associated with both a cool giant star
and an ionized nebula. They are now known to be binary
systems containing an evolved giant star and a hot white
dwarf or subdwarf, with orbital periods of non-dusty sys-
tems typically ∼1-3 years. The nebular line emission is
attributed to high energy photons from the dwarf which
ionize a portion of the dense giant wind. For a general
overview of symbiotic stars and their features see Kenyon
(1986) and Mikolajewska et al. (1988).
Those systems which are viewed close to edge-on pro-
vide an opportunity to obtain spatially resolved infor-
mation on the giant’s extended atmosphere and wind.
The presence of the dwarf star, combined with knowl-
edge of the orbital parameters, make it possible to use
the secondary as an orbiting ultraviolet-bright backlight.
Observations taken at well chosen orbital phases make it
possible to study the circumstellar material in absorption
along differing lines of sight, thus providing tomographic
information.
2For isolated stars, generally the only wind parameters
that can be reliably determined are disc-averaged global
properties such as the mass loss-rate and the terminal
wind velocity. The role of eclipsing binaries in provid-
ing localized information on circumstellar conditions has
long been recognized and IUE (International Ultraviolet
Explorer) studies of ζ Aurigae and VV Cepeid systems
have been particularly useful in examining the chromo-
spheres and winds of giants and supergiants (e.g. Reimers
1987; Baade 1990).
We believe, however, that the study of symbiotic sys-
tems holds a number of advantages over other binary
systems. Unlike many other binaries, the two compo-
nents in symbiotic systems have entirely different spec-
tral characteristics and can be easily disentangled. The
giant continuum does not contribute in the far ultravi-
olet and the high-velocity, high-ionization material close
to the dwarf is easily distinguished from the low-velocity,
low-ionization giant wind features. Also, the small di-
ameter of the dwarf relative to the giant (∼ 0.0002%)
provides a very narrow, “pencil beam” view through the
outer layers of the giant. In addition, many non-dusty
symbiotics have been well studied across all wavelengths
and the orbital elements and geometrical parameters of
a large number are well known. Finally, the periods of
these objects are compatible with space-based observa-
tion scheduling requirements permitting a well sampled
dataset over the binary orbital period.
Using FUSE (Far Ultraviolet Spectroscopic Explorer)
and STIS (Space Telescope Imaging Spectrograph) data
it is possible to obtain high enough signal-to-noise
and spectral resolution to resolve the narrow phase-
dependent wind features in absorption, which was not
possible with IUE.
1.2. EG And
The quiescent symbiotic star EG And (HD 4174)
is well documented in the literature (e.g. Smith 1980;
Stencel 1984; Oliversen et al. 1985; Skopal et al. 1991;
Vogel et al. 1992; Vogel 1993; Munari 1993; Tomov
1995; Wilson & Vaccaro 1997) and is considered a pro-
totype for stable, non-dusty symbiotic stars. In-
deed it was observed extensively with IUE where the
ultraviolet eclipse effect was used to study the di-
mensions and wind of the giant star (Vogel 1991;
Vogel et al. 1992). The object is one of the clos-
est and brightest symbiotic systems and consists of
a hot, low luminosity white dwarf (Muerset et al.
1991) with an M2 (Kenyon & Fernandez-Castro 1987;
Keyes & Preblich 2004) giant primary which is on the
first ascent of the red giant branch. Based on a metallic-
ity analysis and its galactic location, the system belongs
to the old disc population (as also found by Wallerstein
1981). The optical spectrum of the giant is very simi-
lar to that of isolated standards of similar spectral type
(see § 6) and far-infrared data from IRAS show fluxes
very similar to normal isolated red giants (Kenyon et al.
1986). Due to the low-luminosity of the dwarf, the gi-
ant’s atmosphere is not greatly affected by the pres-
ence of the ionizing companion. In fact, radio measure-
ments confirm that the ionized region around the dwarf
is relatively small and does not dominate the cool wind
(Seaquist & Taylor 1990; Schmid 2003).
EG And has never been observed to undergo outburst.
TABLE 1
EG And Parameters
Parameter Value References
RG temperature ∼ 3,700 K 1
WD temperature ∼ 75,000 K 2
RG Luminosity ∼ 950 ⊙ 3
WD Luminosity ∼ 16 ⊙ 3
Period 482.6 days 4
Separation ∼ 4.2 RRG 3
RG Radius ∼ 75⊙ 3
Inclination > 700 3
Vmag ∼ 7.1 5
Orbit circular 6
E(B-V) 0.05 2
References. — (1) Keyes & Preblich (2004);
(2) Muerset et al. (1991); (3) Vogel et al. (1992);
(4) Fekel et al. (2000); (5) Belczyn´ski et al.
(2000); (6) Wilson & Vaccaro (1997)
Periodic ultraviolet variations are attributed to the ul-
traviolet source being occulted by the atmosphere of the
primary component (Vogel 1991) and has been observed
extensively over several orbital epochs by IUE. An accu-
rate orbit for the system was first determined by Munari
(1993) and further refined by Fekel et al. (2000) based on
velocity measurements of red giant photospheric lines.
The high systemic radial velocity (-95 km s−1 relative
to heliocentric) permits the wind absorption features to
be easily distinguished from interstellar absorption fea-
tures (∼ −30 km s−1 relative to heliocentric), thereby
removing the complications that arise when systemic fea-
tures are merged with interstellar features. Reviewing
the attributes of the system, most especially noting the
low interstellar extinction, the absence of circumstellar
dust (Kenyon et al. 1986; van Buren et al. 1994), the low
dwarf luminosity, and the proximity of the binary, it is
apparent that EG And is an ideal candidate for an ul-
traviolet wind analysis. System parameters are detailed
in Table 1.
In this paper we present an overview of a series of
FUSE and STIS observations of EG And, whilst dis-
cussing some highlights in more detail. In § 2 the data
reduction and the orbital timing of our observations are
outlined. In § 3 we outline the general behavior the ul-
traviolet spectra over the three orbital epochs and in § 4
we describe the features of the uneclipsed spectra. Those
spectra which are partially absorbed by the giant wind
and which are used to diagnose the wind conditions, are
described in § 5. Finally, in § 6 we discuss the significance
of the spectral variations, the effect of the dwarf on the
giant wind and how an analysis of the data can provide
improvements in our understanding of the circumstellar
environment and winds of evolved giants.
2. OBSERVATIONS AND DATA REDUCTION
The combined FUSE and STIS echelle wavelength cov-
erage (905A˚ - 3100A˚) provides access to the transitions
of many important atomic and molecular species, includ-
ing low-ionization species expected to exist in the giant
wind as well as those diagnosing the hotter gas associ-
ated with the dwarf. The ultraviolet observing program
was designed to cover orbital phases both in and out of
occultation, as well as to test the stability of the system
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Fig. 1.— View of EG And perpendicular to the orbital plane.
Circular and square points correspond to the dwarf position for the
FUSE and HST observations respectively. Observer’s view is from
the bottom and the scale is in units of red giant radii. See also
Table 2.
and the repeatability of observations over orbital time-
scales. The timing of the observations was designed to
include unabsorbed phases (i.e. inferior conjunction and
quadrature), as well as phases close to ultraviolet mini-
mum, and also a series of ingress and egress observations
with intermediate strength absorption. See Figure 1 for
a schematic diagram showing the positions of the dwarf
star at the time of the ultraviolet observations.
Comparison of the unabsorbed with the absorbed data
allows the diagnosis of the absorbing material; i.e. the
giant wind. Analysis is simplified by using the unab-
sorbed spectra as they enable the study of the ratios
of spectra to analyze the variations, removing the need
to model the unabsorbed continuum, emission and inter-
stellar absorption. Twenty ultraviolet observations of the
system were obtained between January 2000 and Decem-
ber 2003. Phase φ =0.0 is defined as the point at where
the dwarf is at superior conjunction, and is completely
occulted by the giant and its wind, i.e. ultraviolet min-
imum. Hereafter we reference orbital phases, φ, against
the Fekel et al. (2000) ephemeris since this work makes
use of all available reliable orbital data measurements
and covers the longest baseline. This also enables the or-
bital epoch to be identified from the phase information.
In the cases where reduced phases are referred to we use
φ˜. See Table 2 for observed phases.
2.1. FUSE data
We have obtained thirteen FUSE observations of EG
And (see Table 2). All data were acquired with the target
in the large aperture (LWRS; 30′′x30′′) in TTAG photon
collecting mode over a time period of 3 FUSE observ-
ing cycles. The FUSE satellite covers the wavelength
wavelength region 905-1187A˚ with a nominal spectral
resolution of ∆v ∼ 20 km s−1 and has been described
by Moos et al. (2000) and Sahnow et al. (2000). The
data were reduced and calibrated with CALFUSE ver-
sion 3.0.8 (Dixon & Sahnow 2003). The effects of space-
craft motion are corrected for with CALFUSE, which
then places the data on a heliocentric velocity scale. In-
terstellar absorption lines in the 8 different channels were
compared to interstellar features in the STIS data in or-
der to correct for small wavelength offsets due to target
drift in the FUSE aperture. For most observations the
data from each channel were shifted and co-added to in-
crease the signal to noise ratio (S/N). However, for those
observations where the target was known to drift com-
pletely out of the aperture in some channels, the data
from each channel were analyzed separately. Exposure
times were calculated in order to reach continuum S/N
ratios of at least 15 per resolution element for the co-
added spectra at 1050A˚.
The thirteen FUSE spectra provide good orbital phase
coverage, producing spectra displaying differing degrees
of wind obscuration. The dataset also contains three ob-
servations of the system at very similar phases over 3
separate epochs. These spectra in particular can be used
to determine the stability of the system and whether ob-
servations taken over different epochs can be compared.
2.2. STIS data
The seven HST (Hubble Space Telescope) observations
(see Table 2) were carried out with the medium res-
olution echelle gratings (E140M and E230M) of the
Space Telescope Imaging Spectrograph (STIS) through
the 0.2′′x0.06′′ aperture at the 1425A˚, 1978A˚ and 2707A˚
central wavelength settings. This resulted in a resolving
power of R ∼ 30, 000 − 45, 000 (∆v ∼ 6 − 10 km s−1)
over the wavelength range ∼1150-3100A˚. The observa-
tions were designed to provide sufficient exposure time
to achieve at least a S/N ratio of 15 in the continuum
at the central wavelength of the E140M setting. This
typically resulted in a total of 2 orbits worth of expo-
sure time for all three settings for the unabsorbed phases
and a total of 3 orbits for the absorbed phases. The
data were reduced within the IRAF environment using
the standard Space Telescope Science Institute (STScI)
reduction package (CALSTIS).
The STIS observations of EG And cover two phases
which are not affected by the giant wind, one at al-
most total occultation, and four at partially absorbed
phases. The first STIS observation which was taken at
phase φ=3.80 was taken only five days after one of the
FUSE observations. These near-contemporaneous obser-
vations provide the opportunity to test the variability of
features on short time-scales, as well as making it possi-
ble to compare diagnostically important line-profiles over
the combined wavelength region (i.e. resonance lines of
O VI, N V and C IV).
2.3. Optical Data
Optical echelle spectra of EG And were acquired using
the 3.5 m telescope at Apache Point Observatory (APO).
Data were obtained on July 31 1999 (corresponding to
an orbital phase of φ =1.47), having a spectral resolution
of R ∼40,000. Using a prism as a cross-disperser, the
APO echelle covers all wavelengths from 3500 to 10400
A˚ spread over 100 orders. On the same night a com-
parison spectrum was obtained of the high velocity M2
III spectral standard HD 148349 using the same instru-
mental setup. The telescope and instrument are fully
described by York (1995).
4TABLE 2
EG And FUSE and STIS observations
Date Telescope Exp. time (Ks) φ uv
2000 Jan 5 FUSE 11.0 1.79
2000 Aug 6 FUSE 9.1 2.24
2000 Nov 24 FUSE 5.5 2.47
2001 Sep 3 FUSE 11.1 3.05
2001 Sep 14 FUSE 7.5 3.07
2001 Sep 28 FUSE 9.6 3.10
2001 Oct 23 FUSE 5.6 3.16
2002 Aug 23 FUSE 10.9 3.79
2002 Aug 28 STIS 4.6 3.80
2002 Oct 16 STIS 4.6 3.90
2002 Oct 20 FUSE 8.6 3.91
2002 Oct 22 FUSE 6.7 3.91
2002 Oct 23 FUSE 6.7 3.91
2002 Dec 22 STIS 7.1 4.04
2003 Jan 18 STIS 6.5 4.09
2003 Jan 22 FUSE 3.4 4.10
2003 Feb 6 STIS 7.6 4.13
2003 Feb 16 STIS 7.3 4.15
2003 Jul 31 STIS 4.5 4.50
2003 Dec 01 FUSE 8.9 4.75
Note. — Ephemeris from Fekel et al. (2000)
3. SPECTRAL VARIATIONS: THE ORBITAL MODULATION
The ultraviolet continuum and emission lines are both
modulated by the periodic occultation of the hot ma-
terial by the red giant and its extended atmosphere. In
those spectra not affected by wind absorption the ultravi-
olet region is dominated by the continuum of the dwarf.
Superimposed on this continuum are emission and ab-
sorption features from high-ionization species and nar-
row interstellar absorption lines. The continuum is ob-
served to rise towards short wavelengths into the FUSE
range before becoming severely attenuated by interstel-
lar absorption approaching the Lyman limit. The narrow
interstellar absorption lines originate from species such
as H I, H2, C II, N I, N II, O I, Si II, P II, Ar I and
Fe II and are consistent with a warm (∼500 K) absorbing
cloud with a radial velocity of ∼ −30 km s−1. In addi-
tion, emission and P-Cygni features from species such as
C III, N III, O IV, P V, Si IV, and O VI seeming to origi-
nate mainly from material in the photoionized portion of
the giant wind and/or the hot gas close to the dwarf are
all prominent in the FUSE data at unabsorbed phases.
In the wavelength region covered by the STIS echelle,
the white dwarf continuum falls off to long wavelengths
where the hydrogen recombination continuum also con-
tributes. Permitted and semi-forbidden emission lines
from ions such as He II, C II, C III, C IV, N III, N IV,
N V, O I, O II, O III, O IV, Mg II, Si IV and Fe II are all
prominent.
All of these features are affected by the occultation,
during which the broad components of the high ioniza-
tion lines completely disappear. During occulted phases
(φ˜ ≤ 0.16) the continuum shape is defined by the damped
wings of the hydrogen Lyman series transitions as the
dwarf is obscured by large amounts of neutral material in
the giant’s wind. The large increases observed in the hy-
drogen column densities are accompanied by the appear-
ance of a host of narrow absorption lines from neutral
or lowly ionized species. The strength of these features
vary in tandem with the strength of the H I lines.
Presented in Figures 2 and 3 are plots of quadra-
ture and heavily absorbed spectra taken with FUSE and
STIS, respectively. The fluxes are plotted on a log scale
to facilitate display of the strong emission lines as well as
absorption features. Note, especially, the strong modula-
tion of the ultraviolet continuum and the high ionization
lines (i.e. He II 1640 A˚), whereas lines of species of lower
ionization (i.e. Mg II 2800 A˚) are less affected by the
‘eclipse’. At longer wavelengths the contribution of the
dwarf to the continuum decreases and the dominant con-
tributors are the nebular recombination continuum and
the continuum of the red giant itself, explaining why the
continuum is less affected by the occultation at longer
wavelengths in the STIS data.
In order to provide an overview of the complete ultra-
violet dataset, graphical representations of the variations
in the FUSE and STIS data are presented in Figures 4
and 5 respectively. The top panel of Figure 5 shows the
full STIS echelle dataset, the middle panel shows only the
E140M data, while the lower panel shows the region of
the E140M spectrum close to the He II 1640 A˚ feature.
The flux levels are represented by color intensities and
are displayed on a log scale. The data are phase-wrapped
and the flux levels are linearly interpolated through those
orbital phases where no data is present. The dramatic
effects of the orbital modulation on the ultraviolet data
are very apparent in these diagrams. The attenuation
of the continuum is observed to continue from reduced
phase φ˜ =0.00 out to ˜phi ∼0.16, with the attenuation
being stronger close to the H I Lyman transitions. The
effect of the occultation on various emission lines is illus-
trated in the lower panel of Figure 5. The broad He II
1640 emission feature originates in material close to the
dwarf component, hence the occultation of this feature is
almost complete. In contrast, the O III] 1660, 1666 dou-
blet is much less affected by the occultation of the hot
component. This feature originates in an ionized part
of the outer wind of the giant which is much more ge-
ometrically extended than the He II emitting zone, and
therefore much less affected. The appearance of the nar-
row wind absorption features on the continuum during
partially absorbed phases is also illustrated in this dia-
gram. The majority of the variable absorption lines in
this wavelength region originate from excited levels of
the Fe+ ion. We also show time-series plots of all of the
FUSE and STIS spectra are presented in Figures 6 and
7. Also plotted are the H I models (gray) which are mul-
tiplied by fits to the continua of the reference quadrature
data.
The general behavior of the ultraviolet spectral varia-
tions can be explained in terms of the gradual occultation
of both the white dwarf and most of the the photoionized
region of the giant wind by the extended atmosphere of
the giant itself. However, there are also variations that
appear unrelated to orbital phase and this appears to be
associated with material close to the dwarf.
4. SPECTRAL FEATURES ASSOCIATED WITH THE
DWARF
It was originally anticipated that the wavelength cov-
erage of FUSE, combined with the comprehensive orbital
coverage and the high quality of the observations, would
permit the identification of white dwarf photospheric fea-
tures and establish the system as a double-lined spectro-
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Fig. 2.— FUSE spectra of EG And at quadrature when φ=3.79 (black) and close to totality (gray) when φ=3.05. The y-axis is plotted
on a log scale to facilitate display of the strong emission lines and each spectrum is smoothed by the same amount for clarity. All narrow
absorption features in the unocculted spectrum are of interstellar origin.
scopic binary. However, the only direct observation of the
hot star is the ultraviolet continuum. The broad compo-
nents of high-ionization emission lines from species such
as He II, C IV, N IV, N V and S V appear to origi-
nate in gas close to the dwarf, however wind absorption
features, self-absorption and line blanketing preclude re-
liable radial velocity measurements and no dwarf photo-
spheric features have been identified. However, analysis
of these broad line profiles places this material in very
close proximity to the dwarf. We firstly discuss the reso-
nance profiles that appear in P-Cygni form, followed by
an overview of the broad lines which have no absorbing
component.
4.1. Broad P-Cygni Features
A number of permitted, high-ionization transitions are
present in the form of broad P-Cygni, or inverse P-Cygni,
profiles. In some cases, these profiles are blended with
a narrow emission component from the nebular region,
while in others they are mutilated by interstellar absorp-
tion at the blue end of the profile.
The O VI resonance transitions(1032, 1036 A˚) repre-
sent the highest ionization transitions in the spectrum
and are present as optically thick wind profiles. They
are observed to vary between a P-Cygni form, typical
of fast (∼1,000 km s−1) expanding winds, and broad
red-shifted absorption profiles typically observed in ob-
jects with in-falling material present. The variations are
phase-independent and trace instabilities in the region
deduced to be close to the white dwarf, as will be ex-
plained later in this section. See Figure 8 for a plot of
the O VI profiles at four unocculted phases as well as
velocity plots of the P V 1117 A˚ resonance feature at
the same orbital phases. Although P+4 has a lower ion-
ization energy than O+5, it is apparent that both lines
diagnose the same mass-motions, with profiles switching
from P-Cygni form to inverse P-Cygni form in tandem.
From the IUE observations of EG And, no defini-
tive identification of the N V 1238, 1242 A˚ emission
features was possible, raising the possibility that one
of the component stars has an anomalous abundance
(Sion & Ready 1992). However,it is apparent from our
STIS spectra that N V emission is present. The profiles
are complicated due to self absorption and also because
the widths of the features (∼1,000 km s−1) are greater
than the separation of the doublet. This results in mu-
tilated and overlapping profiles that give the impression
of weak emission and an anomalous doublet intensity ra-
tio. The emission disappears during at absorbed phases,
which is expected for gas close to the dwarf.
The C IV 1548, 1550 A˚ emission feature is the strongest
in the ultraviolet spectrum. It is composed of at least two
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Fig. 3.— STIS spectra of EG And at quadrature (black; φ=3.80) and near ultraviolet minimum (gray; φ=4.04). The y-axis is plotted on
a log scale to facilitate display of the strong emission lines. Note the continuum of the giant rising towards red wavelengths in the occulted
spectrum. Data for each spectrum is smoothed by the same amount for clarity.
components: a broad base (full width at zero intensity
(FWZI) of the convolved doublet ∼1400 km s−1) which
disappears around ‘eclipse’, and a narrower central com-
ponent which is affected by self absorption. The intra-
doublet ratio of the line core deviates from the optically
thin 2:1 ratio to give ratios varying from between 1.5 and
1.8, depending on phase. The profile is similar to those of
the higher ionization lines described above, except that
the broad profile has a strong nebular emission line core
superimposed on it. The C IV profile and its variations
are similar in form to other high-ionization permitted
resonance transitions such as S IV and Si IV. A detailed
modeling of such resonance line profiles is complicated by
the multi-component structure and in many cases self-
and interstellar absorption. However, it is readily appar-
ent that there are at least two distinct emitting regions.
One in fast-moving gas close to the dwarf and one which
is further away from the dwarf, in an ionized region of
the outer red giant wind.
4.2. Broad Emission Lines
The He II 1640 A˚ recombination line also traces the
hotter gas in the system. The emission feature can be de-
composed into two Gaussian profiles (see Figure 9). The
broader component is observed to disappear completely
during ‘eclipse’, while the emission core is present but
greatly reduced at phase φ=4.04. The profile is greatly
affected by a number of narrow Fe II absorption lines in
partially absorbed spectra. This explains the asymmet-
ric profiles observed with IUE where self-absorption was
suggested in order to explain the profile (Sion & Ready
1992). (Due to the high energy of the lower level of
the transition (40.8 eV), self-absorption would require
large amounts of hot material to be passing intermit-
tently along the line of sight, complicating the model of
the system.)
The S V line at 1502 A˚ (lower level is 15.8 eV above
ground) and the N IV line at 1718 A˚ (lower level is 16.2
eV above ground) appear to originate in a similar emit-
ting region to He II. They are of similar width (full width
at half maximum (FWHM) ∼300 km s−1), vary in the
same way and produce radial velocity measurements that
vary out of phase with those features associated with
the giant. We find that the amplitudes of the radial ve-
locity shifts for lines of the broad components of these
permitted lines of He II, S V and N IV are consistent
with a dwarf 3 to 4 times less massive than the giant.
The lower level of these lines are well above ground, re-
moving complications introduced by self-absorption and,
although the profiles are heavily mutilated at absorbed
phases, it is noted that the radial velocities of all three
broad components behave similarly.
7Fig. 4.— A graphical representation of the spectral variations in the FUSE EG And data. The flux levels are represented by color
intensities and are displayed on a log scale. The data are phase-wrapped and the flux intensities are linearly interpolated through phases
where no data is present. Note that the ‘eclipse’ effect is much larger at wavelengths close to the hydrogen lines. Spectral artifacts are
marked with an asterisk and the phases at which observations took place are marked with a cross to the right of the plot.
8Fig. 5.— A graphical representation of the STIS ultraviolet data produced using the same technique as was used to generate Figure 4.
The top panel shows the full ultraviolet STIS dataset. The middle panel and lower panels display sections of the same data on a larger
scale. Note the differing effect of the occultation on the broad and narrow emission features on the lower panel. Spectral artifacts are
marked with an asterisk and the phases at which observations took place are marked with a cross to the right of the plot.
4.3. Origin of the High Velocity Features The observed profiles of the high-ionization lines can
be understood in terms of the photoionization and accre-
tion of the red giant wind close to the hot component.
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Fig. 6.— Plots of the complete FUSE dataset for EG And (time-
series from top to bottom). Overplotted is the continuum of the
template unabsorbed spectrum (generated by fitting the continuum
of the φ=3.79 spectrum) attenuated by H I absorption models of
differing column densities (labeled on plot). The data are binned
and the models are offset for clarity.
The extent of the wind in velocity space depends on the
ionization energy of the species; i.e. the higher ionization
transitions trace higher velocity gas closer to the dwarf.
A simple photoionization argument places the higher ion-
ization material closer to the dwarf, which is where the
highest velocities are expected for accreting material (see
§ 6). This matches what is observed in the data, and also
what is suggested from the radial velocity variations of
the unabsorbed broad emission features.
The fact that profiles are observed to switch between
P-Cygni and inverse P-Cygni form rules out the exis-
tence of a smooth outflow from the hot star. Indeed, for
such variations to occur, the material must be reason-
ably dense and clumpy, suggesting erratic accretion of
the cool wind. High densities of this material are also
suggested by the absence of broad semi-forbidden line
profiles. Unlike some symbiotic objects such as AG Peg
(e.g., Nussbaumer et al. 1995), the broad components in
EG And are only observed in the permitted lines. The
high ionization semi-forbidden lines exist only as narrow
line cores (∼30 km s−1), with no hint of a broad compo-
nent.
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Fig. 7.— Plots of the complete STIS ultraviolet dataset for EG
And, similar to Figure 6. The template unabsorbed spectrum is
derived from a fit to the φ=3.80 spectrum. The data are binned
and the models are offset for clarity.
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Fig. 8.— The O VI (left panel) and P V (right panel) resonance
line profiles (from unocculted phases) in velocity space in the EG
And rest frame. The O VI profiles are reconstructed from clean
regions (free of narrow absorption lines) from the each component
of the doublet, while the P V profile is the λ 1117 feature. The
variations are not related to orbital phase, and the profiles are
observed to switch between P-Cygni and inverse P-Cygni form.
Although the profiles reach different extents in velocity space, it is
apparent that they vary in tandem. These profiles trace clumpy,
dense material located close to the dwarf star. The narrow emission
component of the P V at rest velocity line is a nebular emission
component superimposed on the wind profile.
There is also evidence for an asymmetry in the dis-
tribution of hot material around the dwarf. During the
absorbed phases when the broad lines disappear it is ap-
parent that they are modulated asymmetrically around
the mid-point of the occultation. The broad wings of
lines such as He II, C IV and Si IV take longer to re-
cover during egress than they do to disappear on ingress.
This highlights the asymmetry of the highly ionized re-
gion around the dwarf, where the ionizing photons can
penetrate further into the less dense material in its wake
than into the denser wind material that it is moving into.
The asymmetry is thus a line-of-sight effect where we are
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Fig. 9.— The He II 1640 recombination line at three orbital
phases. In the top panel note that the profile is composed of a
wide base and a narrower core component. Also note the much
narrower O I] 1641 emission line. From radial velocity measure-
ments and photoionization modeling (see § 6) we find that the
broad He II component is located close to the dwarf. In the par-
tially absorbed spectrum displayed in panel 2 the overlying wind
absorption from Fe II is apparent. Overplotted (dashed line) with
a vertical offset is an Fe II absorption model, thermally excited to a
chromospheric temperature of 8000 K (which is consistent with our
measurements). The bottom panel displays the extent to which the
He II emitting regions have been occulted at φ=4.04. The emitting
region is therefore close to the dwarf and is located along the axis
between both components. The dashed vertical lines correspond
to the rest wavelengths of the lines in the red giant rest frame.
viewing the wake of the hot component more clearly dur-
ing ingress phases.
4.4. Profile Variations Over FUSE Orbits
Further evidence for an accretion origin for the broad
line profiles comes from the short-timescale variation of
the profiles in the FUSE spectra. When the unabsorbed
FUSE spectra are split into their individual orbital ex-
posures, it emerges that in two of the datasets, the reso-
nance profiles of O VI and S VI are observed to shift dra-
matically over FUSE orbital timescales (∼90 minutes)
by up to ∼ 250 km s−1. The rapid variation of these
features is consistent with dense, clumpy material be-
ing accreted onto the dwarf component over a very small
physical extent. A similar phenomenon is observed in
ζ Aurigae (binary period ∼972 days), where the C IV
resonance profiles change over a time-span of ∼10 hours
(P. Bennett 2005, private communication). These short-
timescale variations in the broad line profiles are only
present in a small number of the observations. Note that
this effect is not observed for any lines of lower ionisa-
tion, which are expected to originate further from the
dwarf. Indeed moderately ionised lines such as O III are
expected to originate in the extended wind of the giant
with a component possibly originating from the heated
giant atmosphere (i.e. also see Munari 1989).
5. THE GIANT CHROMOSPHERE AND LOWER WIND
In contrast to the hot material associated with the
dwarf star, the giant’s chromosphere and lower wind ap-
pears remarkably stable and is relatively unperturbed
by the presence of its hot companion. The spectra taken
close to ultraviolet minimum provide an uncontaminated
view of the giant’s chromospheric emission and near-
ultraviolet continuum, while the absorbed spectra per-
mit an analysis of the wind distribution and conditions
at different impact parameters.
5.1. Absorbed Spectra
In all 12 spectra where φ˜ ≤ 0.16, the line-of-sight to the
dwarf passes through a significant column of cool wind
material, resulting in a host of narrow (FWHM∼7-12
km s−1) absorption features superimposed on the dwarf
spectrum. As the dwarf becomes further obscured by the
wind, the absorption lines grow stronger and the dwarf
continuum shape is redefined by attenuation due to the
large amounts of neutral hydrogen present in the wind as
originally noted by Vogel (1991). In both of the spectra
with φ˜ <0.06, the continuum is obliterated and what
remains is a low level of flux (∼10−14 erg s−1 cm−2 A˚−1 )
with nebular and chromospheric emission lines of reduced
intensity.
Although we have encountered problems in identifying
many absorption lines diagnosing the wind, especially
within the FUSE bandpass, we have used the compila-
tions of Kurucz & Bell (1995), Raassen & Uylings (1998)
and Morton (2003) to identify the vast majority of the
absorption features. The wind is predominantly neutral
in H, C, N, O and is mainly singly ionized in the heavier
common elements such as Mg, Si, S, Ni and Fe. Identi-
fied wind absorption features originate from species that
include H I, C I, C II, N I, N II, O I, Mg II, Al II, Si II,
P II, Ar I, Ti II, Ti III, Mn II, Fe II and Ni II. The major-
ity of the lines are from singly ionized states of complex
iron-group ions such as Mn+, Fe+ and Ni+ and origi-
nate from either ground levels, or from lower levels up to
∼5 eV above ground. See Figure 10 for plots of the ra-
tios of absorbed FUSE spectra to an unabsorbed FUSE
spectrum for 3 differing degrees of occultation. Taking
ratios of absorbed to unabsorbed spectra makes use of
the unabsorbed spectra to remove the unchanging fea-
tures (such as interstellar absorption lines) and displays
only the variations in emission and/or absorption.
5.1.1. Molecular Lines
The FUSE wavelength range contains a large number
of strong molecular hydrogen transitions from a range of
energy levels. Indeed these spectra include a number of
H2 lines of interstellar origin. Our observations, there-
fore, are extremely sensitive to the presence of H2 in the
wind acceleration region at a distance of ∼ 2.2 - 3.7 RRG.
The presence of molecular hydrogen in the wind acceler-
ation region has been postulated as being important for
driving the wind (van Buren et al. 1994). No H2 lines
(or CO or H2O lines in the STIS data) at the rest ve-
locity of the binary are detected at any phase, setting
tight constraints on the molecular content of the wind
at these distances above the limb. The upper limit of
molecular hydrogen is found to be n(H2)/n(H) < 10
−8
throughout the wind acceleration region. These results
rule out the possibility of molecular opacity (and also,
indirectly, dust) contributing to the driving of the wind.
5.1.2. Wind Structure and Ionization
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Fig. 10.— Plots of the ratios of an unabsorbed FUSE spectrum to
3 absorbed FUSE spectra at differing degrees of occultation. This
plot basically removes the unchanging features (such as interstellar
absorption lines) and displays only the spectral variations. The
spectra are observed at increasing degree of wind obscuration from
top to bottom. Note how the wind absorption lines strengthen and
the continuum decreases with respect to the template quadrature
spectrum. Most of the absorption features at these wavelengths
are due to Fe II, P II, O I and Ni II.
By analyzing the absorption lines present in the par-
tially absorbed spectra it is possible to obtain accurate
spatially resolved information on the conditions in the
wind. In contrast to the complex ionization structure
observed in similar eclipsing systems such as the ζ Au-
rigae binaries (e.g. Baade et al. 1996), we find that the
observed ionization structure along each line of sight is
relatively straight-forward.
Most species exist in only one ionization stage (i.e. Fe
is present predominently as Fe+) and the ionization is
symmetric around ‘eclipse’. The wavelength coverage
provided by FUSE covers the transitions of many ion-
ization stages for many species, ensuring that any large
changes in ionization will be noted (i.e. strong transitions
from lower levels of Fe0, Fe+ and Fe+2 are all covered).
In contrast to the symmetry of the ionization structure
around the primary, we observe an asymmetry in the col-
umn density of material that is apparent from both the
continuum level variations and is also from the strengths
of the narrow absorption lines. Plotted in Figure 11 are
the variations of the continuum flux at a line-free region
of the continuum at ∼1160A˚. For absorbed spectra the
continuum flux at this wavelength is essentially defined
by the strength of the damped blue wing of the Lyman
α transition of hydrogen. The observed fluxes therefore
diagnose an asymmetry in the density of neutral material
around ‘eclipse’. This can be ascribed to a mechanical re-
distribution of the giant wind by the motion of the dwarf
star. From Figure 11 it is apparent from the continuum
fluxes at the wind absorbed phases (φ <0.20) that the
fluxes on ingress are lower than on egress at the corre-
sponding reduced phase.
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Fig. 11.— Plot of the continuum flux at a line free region at
1160A˚ against orbital phase phase in the left panel. The right
panel shows the same data plotted against the reduced phase. Tri-
angular points represent STIS data and circles represent FUSE
data for both plots. Filled datapoints represent ingress data and
open datapoints define egress data for the panel on the right. The
observed slight asymmetry between ingress and egress datapoints
diagnoses the asymmetry in the distribution around the giant. The
variations in fluxes at phases >0.20 are due to variations in the con-
tinuum of the hot component, and not related to asymmetry in the
wind material. The error bars on the flux measurements are are
typically less that the size of the datapoints.
By modeling the excitation, ionization, line profiles and
strengths of the absorption lines it is possible to derive
spatially resolved information on the thermal and dy-
namical conditions throughout the wind acceleration re-
gion. A full analysis and modeling of the wind of the
giant will be published in subsequent work.
5.2. Fully Obscured Spectra
As previously noted by Stencel & Sahade (1980) and
in subsequent papers, the IUE spectrum of EG And dur-
ing occultation consists of strong narrow emission lines
arising from a wide range of excitation energies, with
no indication of continuum above the sensitivity limit
of IUE (∼1x10−14 erg cm−2 s−1 A˚−1). We find that
the emission from the broad, high ionization components
disappears during occultation and the narrow emission
cores (∼ 30− 50 kms−1) of the strong emission lines are
reduced in strength, typically by a factor of ∼3. This
residual emission originates from the photoionized sec-
tion of the wind between both component stars that is
not obscured by the giant.
There is also a chromospheric component to the
emission lines of the relatively low-ionization and low-
excitation lines. This is especially apparent for a num-
ber of low-excitation Fe II and Ni II emission lines at the
long wavelength end of the STIS data. These lines have
upper energy levels that can be collisionally populated
at chromospheric temperatures (i.e. .10,000K) and, in
contrast to the majority of wind features, they posses
an emission component at all orbital phases, including
those closest to complete occultation. Those transitions
that lie within the FUSE and STIS E140M bandpasses
(corresponding to λ < 1730A˚) must have upper energy
levels of at least 7.2 eV (higher if they are not resonance
transitions). These energies are too high for the levels
to be populated collisionally at chromospheric tempera-
tures. This would explain why the chromospheric emis-
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sion lines are only observed at the long wavelength end of
the STIS ultraviolet data, where the upper levels can be
as low as ∼ 4 eV above ground. The upper levels can cer-
tainly be populated by non-collisional processes, however
previous studies of red giant chromospheres have found
that Fe II chromospheric emission is primarily collision-
ally excited (Judge & Jordan 1991), in agreement with
our observations.
5.2.1. Continuum
The sensitivity limits of the FUSE and STIS detectors
offer a considerable improvement on those of IUE. Com-
bining this advantage with the photon-counting nature
of the detectors it is possible to observe continuum with
flux <1x10−14 erg cm−2 s−1 A˚−1 for the occulted spectra
for both FUSE (φ=3.05) and STIS (φ=4.04). The low-
level far-ultraviolet continuum is due to the scattering of
a small proportion of white dwarf photons around the
giant atmosphere and into our line of sight. Interpret-
ing the continuum in terms of an incomplete occultation
would require the ultraviolet photons to pass through
a huge column density of neutral hydrogen, resulting
in characteristic absorption surrounding Lyman α. The
columns involved would be large enough to observed, yet
the binned continuum resembles that of the unocculted
star, though on a much lower flux level (∼1x10−14 erg
cm−2 s−1 A˚−1 at 1300A˚). At the long wavelength end
of the STIS data the continuum is observed to rise to-
wards red wavelengths (see Figure 3), which is the be-
ginning of the red giant photospheric continuum which
dominates at optical wavelengths (for further detail see
Skopal 2005).
6. DISCUSSION
This set of observations is the most complete set of ul-
traviolet ‘eclipse’ observations of any symbiotic system.
Indeed the orbital sampling and the high resolution and
S/N of the data enable us to study a red giant chromo-
sphere and wind in absorption over a range of differing
impact parameters from the photosphere. A study of
this type can provide observational constraints required
in order to understand the mass-loss processes at work
in these objects. However, it needs to be clarified by how
much the wind is affected by the presence of the ionizing
companion, and whether the highly variable behavior of
the broad, hot material can be separated from the cool
outflow from the giant. The remainder of this section
treats the influence of the white dwarf on giant and the
material in its inner wind.
6.1. Effect of the Dwarf on the Giant Atmosphere
The EG And APO echelle data cover the complete
wavelength region from 3500 A˚ to 10400 A˚ at high resolu-
tion. Since optical data diagnoses the photospheric layers
of the giant, the extent to which the atmosphere of EG
And giant differs to those of isolated giants can be viewed
by a direct comparison of the spectrum with the spec-
trum taken of the spectral standard, HD 148349. This
was observed on the same night with the same instru-
ment. Displayed in Figure 12 are sections of the echelle
data of EG And (black) and HD 148349 (gray and offset).
The similarity between both datasets is remarkable
over the complete spectral range covered, including wave-
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Fig. 12.— Sections of the high-resolution APO echelle data are
plotted in black. Overplotted in gray (with offset for clarity) is the
spectrum of the M2 III spectral standard HD 148349.
length regions around molecular bands (top panel of Fig-
ure ?? for example), for weak lines from neutral species
such as Fe I and Ti I (examples in all panels) and in re-
gions around broadened features such as the Ca II lines
in the near-infrared spectral region (third panel from the
top). Note that the EG And data was obtained at phase
φ=1.47, when the illuminated face of the giant is visible.
These Ca II lines are sensitive to both the atmospheric
pressure (surface gravity) and also to the metallicity.
The only large differences between the two spectra are
in those regions where EG And displays strong nebu-
lar emission lines, such as illustrated in the wavelength
region around the hydrogen Balmer line shown in the
second panel of Figure 12. This emission is due to the
binary nature of EG And it is not a photospheric fea-
ture. Both stars, therefore, possess very similar photo-
spheric parameters (including metallicity) and since both
are high-velocity objects with similar abundances, they
most likely belong to the same stellar population (both
members of the old disk population; see Mennessier et al.
2001; Wallerstein 1981). HD 148349 is a bright (V
magnitude∼5.27), high-velocity (+99 km s−1) M2 III
spectral standard. Dumm & Schild (1998) list the star
as having a radius of R=83 R⊙, a Teff=3,720 K, and a
mass of M=2M⊙. From a direct viewing of the spectra,
it appears that EG And giant possesses similar parame-
ters.
It is also worth noting that a rotational broadening
of the narrow absorption lines in the EG And APO
data imply a photospheric rotational velocity of ∼7.5
km s−1. If the system is assumed to be tidally locked
and co-rotating (the timescale for this process to occur
is short for symbiotics and all can be assumed to co-
rotate), then the implied radius of the giant is ∼70 R⊙,
consistent with that derived from the ‘eclipse’ geometry
(Vogel et al. 1992).
From this spectral comparison, it can be inferred
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that the atmospheric structure remains relatively unper-
turbed by the ionizing companion. It seems likely that
any wind/chromospheric conditions derived from the ul-
traviolet data can be extrapolated to isolated stars as
long as the effect of the dwarf radiation on the wind
(originating beyond the photosphere) is understood.
6.2. Effect of the Dwarf Radiation on the Giant Wind
There are variations which not related to orbital phase,
such as the behavior of the profiles of certain high-
ionization features such as the the O VI resonance lines.
In addition to these variations we also observe changes
in the far-ultraviolet continuum fluxes which are not cor-
related to orbital phase. These variations were also ob-
served with IUE, and are most notable in our final STIS
spectrum at phase φ =4.50 where the ultraviolet contin-
uum is observed to increase by a factor ∼2 above the
normal level. Although EG And is relatively stable and
has never been observed to undergo outburst, we believe
it is likely that these variations result from a variable ac-
cretion rate of giant wind material on to the dwarf. This
would result in variations in the the temperature and
effective radius of the hot star and reproduce the ob-
served continuum variations, as well as account for the
time-variable broad high-ionization profiles. It is appar-
ent that these processes are complicated to model and
could have large effects on the cool giant wind. However,
from our analysis of the P-Cygni profiles and the radial
velocity analysis of the unabsorbed broad lines, we can
conclude that this material is located very close to the
dwarf star. These features most likely diagnose dense,
clumpy material accreting onto the white dwarf. It fol-
lows that this component can be readily separated from
the material in the well-behaved outflow from the red
giant in any in-depth analysis of the cool wind.
The variable material being confined to a small region
around the dwarf is also consistent with the observed
linewidths. Assuming a white dwarf mass of 0.6 M⊙
(Vogel et al. 1992) and a gravitationally accelerated ve-
locity of 300 km s−1 (FWHM of broad 1640 He II compo-
nent), it emerges that the material must be closer than
3 R⊙ from the dwarf’s surface, which is less than 1%
of the orbital separation. Using a velocity of 1000 km
s−1 (observed in higher ionization lines such as the O VI
resonance profiles) the distance from the dwarf is further
reduced to . 1 R⊙, or .0.003 of the binary separation.
Yet another argument in favor of a relatively radia-
tively unperturbed wind lies in the observed ionization
and excitation structure of the different lines of sight
through the wind. The ionization level remains constant
throughout the wind acceleration region and is symmet-
ric about ultraviolet minimum. The fact that the dwarf
is much less luminous than the giant (a factor of ∼60)
would explain why the white dwarf photons do not ionize
large regions of the cool wind.
6.3. Photoionization Modeling
In order to analyze the radiative influence of the dwarf
in the cool wind in a quantitative way, the CLOUDY
(Ferland et al. 1998) photoionization code was used to
model the effects of the dwarf radiation on the wind.
Using the stellar parameters described in Table 1 and
a wind velocity law found for EG And by Vogel (1991)
(characterized by a steep acceleration ∼2.5 RRG above
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Fig. 13.— Results of a CLOUDY photoionization modeling along
the binary axis of both stars with dwarf on the left and and giant
located on the right. The calculation is stopped when the electron
temperature goes below 4,000K. The top three panels display the
physical conditions in the affected part of the outer giant wind.
The bottom three panels show the ionization structure of H, O
and Fe.
the photosphere and hereafter called the Vogel wind law)
we have modeled the structure and conditions in the red
giant wind along the binary axis between the two stars.
Some of the findings are illustrated graphically in Fig-
ures 13 and 14.
The top three panels of Figure 13 show the effect of the
ultraviolet radiation field on the conditions in the outer
regions of the red giant wind. The dwarf is located at
the left hand side of each panel while the surface of the
giant is located on the right. It is noted that the wind
is heated to a temperature above 20,000K close to the
dwarf and drops as the radiation penetrates into denser
material. Note that the hydrogen ionization boundary is
located approximately 0.7 RRG from the dwarf’s surface.
It is at a distance of ∼1.4 RRG that the electron tem-
perature (due solely to the dwarf photoionization) drops
below 4,000K and the calculation is stopped. Beyond
this point, the influence of the ultraviolet radiation is
minimal. Although, the ionized region does not extend
very far into the giant wind, it must be remembered that
this calculation was carried out along the binary axis
where the wind is most dense. For instance, the ultra-
violet photons that escape in the opposite direction will
ionize a much larger region due to the lower density of
material. The lower three panels show the calculated
14
0
5.0•10−6
1.0•10−5
1.5•10−5
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance (RG radii)
OVI 1032 Doublet
01•10
−7
2•10−7
3•10−7
4•10−7
5•10−7
6•10−7
HeII 1640
0
2•10−7
4•10−7
6•10−7
8•10−7
1•10−6
NIV 1488
0
5.0•10−6
1.0•10−5
1.5•10−5
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
el
at
iv
e 
Fl
ux
 C
on
tri
bu
tio
n
CIV 1550 Doublet
02.0•10
−7
4.0•10−7
6.0•10−7
8.0•10−7
1.0•10−6
1.2•10−6
1.4•10−6
CIII] 1660 Doublet
0 5.0•1012 1.0•1013 1.5•1013 2.0•1013 2.5•1013
Distance (cm)
0
1•10−5
2•10−5
3•10−5
4•10−5
MgII 2800 Doublet
Fig. 14.— Contribution functions of selected emission lines de-
rived from the same photoionization model as described in Fig-
ure 13.
ionization structure of hydrogen, oxygen and iron along
the binary axis.
Presented in Figure 14 are the contribution functions
for a number of emission lines along the binary axis. It
can be noticed that the high ionization material associ-
ated with O VI and N V resonance lines is located ex-
tremely close to the dwarf. The He II and C IV emis-
sion features also have a component located close to the
dwarf, in addition to a component positioned further into
the giant wind. This can explain the two-component pro-
files which are observed in the spectra for these transi-
tions. For the majority of the nebular emission lines,
most of the emitting material is located close to the hy-
drogen ionization boundary where the electron density is
highest. This is due to a trade-off between the decreasing
wind density as one moves further from the giant and the
decreasing number of free electrons (due to photoioniza-
tion) as one moves further from the dwarf.
This photoionization model accounts for the relative
emission line strengths observed in the data and, since it
places the origin of most of the nebular emission lines at
the regions of highest electron density which is along the
binary axis, accounts for the variations in the line inten-
sities around eclipse. The disappearance of the high-
ionization features at eclipse is also explained by the
placement of this gas very close to the dwarf surface.
6.4. Mechanical Influence of Dwarf on the Wind
One area in which the cool material is certainly af-
fected by the presence of the dwarf, however, is through
the redistribution of the wind material by the motion
of the secondary. This redistribution is apparent in the
asymmetry of the continuum fluxes and line strengths
around eclipse, and whilst only a relatively slight effect,
it must nevertheless be taken into account in any real-
istic wind models. In order to qualitatively understand
the influence of the dwarf on the wind we examine the
hydrodynamical models of Walder & Folini (2000). The
model which most closely describes the binary parame-
ters of EG And (low luminosity white dwarf model; see
Figure 1 (left) of Walder & Folini 2000) predicts that he
extent of the mechanical disturbance of the outflow is
large. Due to a snow plough effect there is an increase
in density of the material in front of the dwarf. There
is a corresponding decrease in density in the wake of the
dwarf, and at distances further from the dwarf, the out-
flow is greatly disturbed. However, the material that
is diagnosed by the phase-dependent absorption lines is
located within the binary orbit, where the wind is accel-
erated and is most dense. The outer, severely distorted
parts of the outflow are too tenuous to be viewed in ab-
sorption and, in any case, are beyond the point of initial
wind acceleration and thus are of limited interest in terms
of understanding the wind acceleration. It appears that,
apart from the material directly in front of the dwarf, the
wind within the binary orbit is relatively unaffected by
the motion of the secondary component. This explains
why the distribution of wind material as diagnosed by
the data is not dramatically different between ingress and
egress phases.
6.5. Conclusion
We conclude that although it is possible to study
cool winds through radio and ultraviolet observations of
other binary systems, this dataset is unique in that it
provides detailed thermal and dynamic information on
the relatively unperturbed base of the wind where, cru-
cially, the wind acceleration processes occur. The ability
to study the wind and chromosphere in both emission
(near-ultraviolet low excitation emission) and absorption
(through lines of sight) is also a major advantage. In ad-
dition to this, the observed absorption profiles are much
cleaner and simpler to analyze than those obtained from
studies of many other eclipsing binaries. In those cases
the absorption profiles are blended with the spectrum of
the background secondary component and affected by the
re-emission of scattered photons filling in the absorption
profile, making a full 3-D radiative transfer analysis nec-
essary (Baade et al. 1996, and references within). Due to
the low luminosity of the EG And dwarf, the entirely dif-
ferent spectral characteristics of the stellar components
and the relatively low excitation of the wind, the major-
ity of the absorption lines for this dataset can be treated
successfully with a pure absorption analysis.
7. SUMMARY
We have reported on the first detailed ultraviolet and
far-ultraviolet observations of EG And. This dataset is
unique providing detailed thermal and dynamic infor-
mation on the base of the wind where, crucially, the the
wind acceleration processes occur. By choosing a sym-
biotic system with a low-luminosity dwarf many of the
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complications that typically hinder analysis of the lines
of sight through giant winds are removed. The observa-
tional evidence (in the ultraviolet data) that the inner
wind is relatively undisturbed by the dwarf is backed-up
by analysis of optical data and photoionization modeling.
From analysis of the broad, high-ionization features
in the data we discover highly variable mass motions of
relatively dense and ionized material. Indeed the broad
absorption profiles of O VI and S VI are found to shift
significantly between FUSE orbits (∼90 minutes) in some
cases. We find however, that these processes are confined
to a region very close to the hot component and that con-
ditions in the giant’s chromosphere and wind acceleration
region are relatively unperturbed by the white dwarf ra-
diation. By analyzing different lines of sight to the white
dwarf through the base of the cool wind we see predom-
inantly neutral (in hydrogen), moderately excited (lower
absorption levels up to ∼5 eV) material. Although the
ionization level is observed to remain constant through-
out the base of the wind, there is evidence for an asym-
metry in the distribution of material around the giant
due to a mechanical redistribution by the motion of the
dwarf. The spatially resolved information provided by
this dataset is useful for constraining mass-loss theory
and understanding the processes at work in the chromo-
spheres and wind acceleration regions of evolved stars.
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